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Agenda

1.Why Criticality Safety? 
2.Neutronics
3.The Science
4.The Art
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Why Criticality Safety? 
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A Review of Criticality Accidents  - LA 13638
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Historical Accidents
• Critical Assemblies/Reactor Experiments
• > 50,000 experiments

• Designed to determine critical point

• 38 accidents – 12 Deaths
• Severe damage to the system
• Severe over exposures to humans
• Physically unpredicted or equipment malfunction

• Process Facility Accidents
• Tens-of-millions of operations since 1943

• Designed with largest practical safety margins

• 22 accidents
• 21 involving solution/slurry

• 4 involving chemistry “gone bad”
• 1 involving metal ingots
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Historical Frequency

• About one to two process accidents per year for about ten years.
• Then, about one per ten years.
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Harry K. Daghlian, Jr.
• Master’s from Purdue in 1944
• Worked in Otto Frisch’s criticality group, determining 

critical masses.

• Experimenting with plutonium sphere
• Trying to determine amount of tungsten-carbide 

needed to make Pu sphere go critical
• ~6 kg δ-phase Pu metal
• Stack tungsten-carbide bricks around Pu until clicks 

from neutron detector nearly continuous and 
multiplication roughly 100
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21 August 1945

Reenactment of the configuration with about half 
of the tungsten blocks in place.

• Working alone, late at night
• Accident ~9:55pm

• One guard in the room

• Passed away 28 days later

• Daghlian was moving final brick over 
assembly

• Neutron counter alerted him 
assembly would be super critical with 
addition of final brick

• Withdrew hand, brick slipped and fell 
on top of the assembly

• System went super critical
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Louis Slotin
• Canadian Physicist (PhD)
• Part of team that assembled the 

Gadget at Trinity
• Arguably most experienced 

criticality person in the world

Louis Slotin

• Experimenting with same Pu sphere as 
Daghlian

• Trying to determine how much 
beryllium reflector necessary to make 
it go critical

• Demonstrating experiment for group of 
people

• Eight people in the room
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21 May 1946 • Spacers not in place between hemishells
• Spacing being controlled by Slotin with 

screwdriver

Reenactment of the configuration.

• Passed away 9 days later

• Screwdriver slipped, closing reflector
• System went super critical
• Room evacuated and doses measured
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What IS Nuclear Criticality Safety? 

The prevention or termination of inadvertent nuclear chain reactions in 
nonreactor environments.

The art of avoiding a nuclear excursion.  

Criticality Safety is the art and science of preventing criticality accidents and 
ensuring that anyone that could be exposed to one makes it home alive at the 

end of the day.
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Neuttronics
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• The structure of an atom is made up of more 
• fundamental particles, or subatomic particles:
• Proton: a particle with a positive charge found at the 
• center of the atom
• Neutron: a particle with no charge found at the center of the 
• atom
• Electron: a light and very small particle with a negative charge found in the 

region far from the nucleus

• Isotope:  Variant of a particular chemical element which differ in 
neutron number. All isotopes of a given element have the same 
number of protons but different numbers of neutrons in each atom. 

• Fission: A process in which the nucleus of an atom splits into two or 
more smaller, lighter nuclei.

What is an atom?
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Chart of the Nuclides - Isotopes
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The Science
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Criticality Safety Parameters

• Mass
• Absorption (Neutron Poisons)
• Geometry
• Interaction (Spacing)
• Concentration (Density)
• Moderation
• Enrichment
• Reflection
• Volume
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Geometry (Shape) • Equivalent volumes
• Cube surface area is 600 units
• Sphere surface area is 483.6 units
• Sphere has 19% less surface area 

for the same enclosed material
• Leakage is higher in cube

Leakage
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Interaction (Spacing)

• When two container are widely separated, few neutrons escaping from 
one will hit the other

• When two containers are placed close to each other, neutrons 
escaping from one will be more likely to hit the other
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Interaction (Spacing)
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Concentration (Density)

• Concentration of Number of Fissionable Atoms in Equal 
Volumes

• Usually in reference to fissionable solution
• More atoms for neutrons to interact with and cause fission. 
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Moderation (Macro System Property)
• Neutrons are born with ‘fast’ energy
• Neutrons are more likely to fission with ‘slow’ energy
• Moderating material ‘slows’ neutrons down 
• More slow neutrons means more fissionable material absorption

• More absorption means more fissions
• More fissions makes a self-sustaining chain reaction easier

• Water, Graphite, Beryllium, Hydrocarbons (oils) etc. 
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Enrichment (Fissionable Isotope ratio)

5% 235U 90% 235U

Enrichment Simulation
https://phet.colorado.edu/en/simulation/legacy/nuclear-fission

• Uranium from natural sources is enriched (235U) by isotope 
separation, and plutonium (Pu(0)) is produced in a suitable nuclear 
reactor

https://www.youtube.com/watch?v=vjqIJW_Qr3c
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Reflection

• Certain material reflect neutrons reflects neutrons. 
• The material may be water, graphite, beryllium, steel, tungsten 

carbide or other high Z materials. 

https://en.wikipedia.org/wiki/Reflection_(physics)
https://en.wikipedia.org/wiki/Neutron
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Questions?
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Homework
• Name 9 Criticality Safety Parameters (MAGIC MERV) and describe how they 

are controlled.

Homework

• Read about the following accidents found in LA-13638 and be prepared to 
discuss.
• Idaho Chemical Reprocessing – 17 October 1978 (Page 18)
• Los Alamos –30 December 1958 (Page 47)
• Siberian Chemical Combine – 13 December 1978 (Page 31)

Tokai-Mura – 30 September 1999 (Page 53) 

• Think about the following while reading about each accident. 
• Were the conditions / processes routine? What about time of accident? 
• What were the causes of the accident? (Human error, equipment failures etc.)
• Were procedures being followed? How not?
• Control of Which MAGIC MERV parameters was lost? 


